The lately developed part of Quantum Bayesianism named QBism has been proclaimed by its authors a powerful interpretation of Quantum Physics. This article presents analysis of some aspects of QBism. The considered examples show inconsistencies in some basic statements of the discussed interpretation. In particular, the main quantum mechanical conundrum of measurement and the observer is, contrary to the claims, not resolved within the framework of QBism. The conclusion is made that the basic tenets of QBism as applied in Physics are unsubstantiated.
Introduction
I will agree 100% with this epigraph (cited from [1] ) if I can paraphrase it as "The subject matter of all science is the world and us-within-it", emphasizing that all human scientific endeavors have been attempts to solve the Mystery of Being. Both, us and the world, are equally mysterious and may be linked much more intimately than we know today. Quantum Mechanics (QM) has opened new venues in our study of the world by discovering its intrinsically probabilistic nature, indeterminacy, and the role of measurement and human observer. This might also be a crucial step towards grasping a mystery of human consciousness. "Quantum Bayesianism (QBism) [2, 3] or "Quantum Bettabilitarianism" in its latest version [4] is known as an attempt to resolve some controversial topics in QM by promoting the role of an "agent" (human observer). The presented article discusses some basic statements of QBism as described in [1] [2] [3] and in the most recent publications [4] [5] [6] [7] [8] . I will analyze those aspects of QBism that seem to me debatable.
The quotes from the discussed or referred sources are written in italics and in quotation marks. My comments are mostly in the regular font, but in some cases which I want to emphasize, I also use italics.
Observer, an object, and object's state {1} "
The basic statement of the theory (conventional quantum mechanics (QM)) -the one we have all learned from our textbooks -seems to rely on terms our intuitions balk at as having any place in a fundamental description of reality. The notions of "observer" and "measurement" are taken as primitive, the very starting point of the theory. This is an unsettling situation! Shouldn't physics be talking about what is before it starts talking about what will be seen and who will see it?" ([2] , p. 1)
Compare this with
{2} "According to QBism, quantum mechanics is a tool anyone can use to evaluate, on the basis of one's past experience, one's probabilistic expectations for one's subsequent experience. Unlike Copenhagen, QBism explicitly takes the "subjective" or "judgmental" or "personalist" view of probability… : probabilities are assigned to an event by an agent 1 and are particular to that agent. The agent's probability assignments express her own personal degrees of belief about the event." ([3] , p. 1, 2) These two quotations contradict each other. The first promotes "what is" to the status of primary concept, whereas the second appears to grant this status to the "agent" as "one who acts", that is, to observer. The question posed in {1} calls for a counter-question: How could anyone talk about what is before learning about its existence through observing it or its manifestations? A conventional view in Physics is that an object or system is determined by its properties. What is known to us out there had been first perceived by our senses either directly or indirectly through its manifestations. And the next step is verifying the observations by comparing them with those made by other observers under similar conditions. An entity that cannot in principle be observed directly or indirectly is as good as non-existing.
So it is not immediately obvious what should be more "primitive" -"what is" or "observer and measurement". But even though the observation is indeed far more important in QM than in classical physics, it is not taken as something superior over "what is". Conventional QM emphasizes the objectivity of observed systems even when some of their characteristics such as quantum indeterminacy surpass all previously learned concepts. This unusual nature of QM may seem unsettling to purely classical mind, but we must accept the verified experimental evidence even it goes beyond our classical intuition. So boththe observer and what is observedare equally important.
Actually, the notions of "observer" and "measurement" had been promoted long before the emergence of QM. The observer-dependence of velocity or kinetic energy has been known from Galileo's time. Yet each characteristic is still objective because its value measured in any given reference frame (RF) is the same for all observers in this frame. The Bayesian's claim that quantum states are merely observer's expectations ("degrees of belief") rather than objective characteristics of real systems undermines their other claim promoting the status of "what is".
One could argue that there are no contradictions here since {1} talks about an object ("what is") whereas {2}about an event. But an event is an abrupt change in a system, and making it dependent on agent's degree of belief undermines the system's objectivity. And more important, degree of belief itself, as mentioned above, originates from the previous measurements. The fundamental role of observation and measurement is a specific feature of QM. A QM observation usually creates a new reality by radically changing the state of the observed/measured object, rather than just revealing to us already pre-existing state. This happens because of the QM indeterminacy and generally irreducible interactions between the measured object and the environment (including experimental setup). As a result, we may have a series of different possible measurement outcomes in a pure ensemble of objects. The probability of each outcome is an objective characteristic of the preexisting state. The so-called interaction-free measurements studied in QM are also probabilistic and, in addition, nonlocal [9] [10] [11] . Their existence does not affect our arguments.
Probabilistic nature of the world is intimately connected with Special Relativity (SR). The quantum world can be relativistic only by being intrinsically probabilistic [12] . If a classical measurement just verifies what had already existed before the observation, QM measurement generally actualizes one out of the set of potentialities which had existed in a state of superposition. In this respect, the measurement abruptly changes the reality (produces new information in QBism's language [2] ). We might call such process "projective creation" (paraphrasing von Neumann's projective measurements [13] ). The most puzzling feature here is that QM, while exactly predicting probability of any possible outcome, does not describe any mechanism of its actual selection. It even postulates that it is meaningless to ask about such mechanism since the latter is not manifest in any known observations. The theory answers all relevant questions about the observed reality without references to any "mechanisms". This has produced in many an impression of crucial and may be even superior role of observation and measurement. It is best encapsulated in John Bell's question [14] :
{3} "What exactly qualifies some physical systems to play the role of 'measurer'? Was the wave function of the world waiting to jump for thousands of millions of years until a single-celled living creature appeared? Or did it have to wait a little longer, for some better qualified system . . . with a PhD?"
In other words, what is this elusive something that interrupts the continuous deterministic evolution of a state vector under the given Hamiltonian and causes its discontinuous jump into one of the corresponding eigenstates? Such a jump is usually called the collapse of a wave function. This widely used term is largely misleading because it totally ignores the opposite side of the coin: what is the collapse with respect to a measured observable may be an explosion with respect to the complementary observable [15] . This is probably one of the most exotic features of QM, all the more so that the moment of the "jump" and its outcome can be predicted only probabilistically. Even some creators of quantum theory -Einstein, de Broglie, Schrodinger,found it hard to come to terms with these new features. The situation provoked natural reactions including Bayesian claim like this:
{4} "…quantum states are not something out there, in the external world, but instead are expressions of information. Before there were people using quantum theory as a branch of physics, before they were calculating neutron-capture cross-sections for uranium and working on all the other practical problems the theory suggests, there were no quantum states. The world may be full of stuff and things of all kinds, but among all the stuff and all the things, there is no unique, observer-independent, quantum-state kind of stuff." ( [1, 3] , pp. 2, 5, respectively)
In other words, quantum states (and thereby the resulting classical states) are only mental constructs in our minds. If so, can a QBist convincingly explain what were they all invented for? Had our planet existed in a state favorable for humans before humans or had there been just some undefined stuff that formed the known shape only after the appearance of humans? A similar Bayesian statement with an emphasis on the quantum states is exemplified by the following quote [16] :
{5} "A quantum-mechanical state being a summary of the observers' information about an individual physical system changes both by dynamical laws, and whenever the observer acquires new information about the system through the process of measurement. The existence of two laws for the evolution of the state vector becomes problematical only if it is believed that the state vector is an objective property of the system. If, however, the state of a system is defined as a list of [experimental] propositions together with their [probabilities of occurrence], it is not surprising that after a measurement the state must be changed to be in accord with [any] new information. The "reduction of the wave packet" does take place in the consciousness of the observer, not because of any unique physical process which takes place there, but only because the state is a construct of the observer and not an objective property of the physical system." ([2, 4] , p. 2, 5)
The beginning of this statement "...the observer acquires new information about the system through the process of measurement" contradicts its end stating that "The "reduction of the wave packet" takes place… only because the state is a construct of the observer". The latter also contradicts the known fact that "…reduction of the wave packet" occurs because of a specific physical processe.g., packet's interaction with a high-energy laser pulse crossing the same region [17, 18] . Another evidence of objectivity of reduction is firing of one of the detectors, which signals localization of the initial probability cloud of a studied particle. The reduction (considered in some details in [12] ) happens instantaneously by our everyday standards and is not described by any wave equation. And yet QM says quite correctly that the abrupt change of probabilities merely reflects equally abrupt change of the measured state. There is no other option, simply because one unchanging state (or worse, no state at all) cannot be characterized by two different sets of probabilities for the same observable. And if, according to extreme assertion of QBism, there are no states at all, then probabilities of what are formed and changed in the observer's mind?
A quantum state p with definite value of observable p is a superposition of eigenstates of the complementary observable q,
and an exact value  may appear only with probability 2 () p c q dq  in a subsequent qmeasurement. But this does not undermine the objectivity of the resulting state. Generally, a state  contains exact information about probabilities, variances, and expectation values of any relevant observable in this state. Just because the concept of a state turned out to have an additional dimension embracing QM indeterminacy does not make it unreal. Of course, these comments are based on the conventional definition of a state. A state is determined by a set of characteristics of an object. A container with gas is defined by its mass, chemical composition, temperature, etc. Changing at least one of these characteristics will change the state, sometimes beyond recognitione.g., it may become a cloud of plasma with container evaporated under raised temperature. One can reasonably ask if this is the same object as before. Many (myself included) will say that an electron-positron pair is a different object than a set of  -photons emerging after its annihilation.
In any case, it is a state that defines the object. Remove the state from a photonand what remains is the word "photon" with no real photon as such. The same is true in the classical limit of QM. Remove from a boulder its statemass, shape, size, rigidity, etc.and then tell me "what is" there, if there remains anything at all? The Bayesian answer "stuff" does not tell much to an inquiring mind.
All this can be summarized by a brief statement by Zurek: "In quantum physics, reality can be attributed to the measured states" [18] . One could object that this statement mentions only measured states. But any measurement, no matter how sophisticated, imitates a possible natural process. The Stern-Gerlach experiment in a spin measurement naturally occurs when a corresponding atom passes through an inhomogeneous magnetic field. The electron position measurement naturally occurs when an electron gets absorbed, say, by a positive ion. The only difference is that the outcomes of these natural measurements are usually not amplified to the macroscopically observable events to be recorded by humans. But they are recorded by Nature due to their imprints on evolution on the microscopic level.
In QM, an isolated object may show different faces depending on observer's actions. A quantum wave packet may show its particle aspect in position measurement or its wave aspect in momentum measurement. Either of these faces is real upon exposure, albeit brought to full life only by an appropriate measurement at the cost of "dissolving" the other facethey cannot coexist in full together. This "versatility" of appearances reflects richness of reality by far exceeding our classical intuition, and does illustrate a much more active role of an observer. To a certain degree, we can only see what we choose to observe. But this is only possible because various faces already preexist as potentialities, and each of them can emerge in full in the respective experimental setup.
In a most counterintuitive phenomenon of entanglement, the states of two objects are correlated so that neither state is completely defined independently from the other. Such inseparability of states appears to contradict our initial argument connecting an object with its state. But there is no contradiction here because an incompletely defined individual state does not amount to the total absence of a state. The state still exists but some of its characteristics necessary for complete description are contingent on those of the other object. The object is correlated with its counterpart in such a way that a certain measurement outcome for one instantaneously affects the other. This instantaneous effect may seem to be a sign of superluminal signaling, which would contradict SR. This, in turn, motivated efforts to reinterpret QM in such a way as to avoid the indicated "contradiction". But all such attempts, apart from being fruitless, were not justified to begin with, because quantum collapse of the system to completely defined individual states (disentanglement) does not contradict SR [12, 15] (some specific examples will be mentioned in the end of Sec. 2 and in Sec. 3).
{6} "A proponent of the ontic view might argue that the phenomena in question are not mysterious if one abandons certain preconceived notions about physical reality. The challenge we offer to such a person is to present a few simple physical principles by the light of which all of these phenomena become conceptually intuitive (and not merely mathematical consequences of the formalism) within a framework wherein the quantum state is an ontic state. Our impression is that this challenge cannot be met. By contrast, a single information-theoretic principle, which imposes a constraint on the amount of knowledge one can have about any system, is sufficient to derive all of these phenomena in the context of a simple toy theory . . . " ( [2, 4, 19] , p. 3, 6)
The offered challenge cannot, indeed, be met for the reason already mentioned before: the concepts discussed are not (yet) intuitively clearsimply because the aspects of Nature they describe are not intuitively clear within the realm of our previous experience. The demand of intuitively clear formulation of QM is equivalent to requirement to describe a rainbow in terms of darkness familiar to one grown up in an underground cave.
The innately probabilistic features of reality unveil a deeper truth about Nature, by far surpassing a straightforward single-valued classical determinism. The "fuzziness" of position and/or momentum of a particle in a state  is an objective characteristic of this state rather than observer's uncertainty about it. In this respect the misleading term "uncertainty principle" widely used in the English-speaking part of the Physics community turned out to have disastrous consequences implying that our knowledge of an object is restricted due to some hidden flaws in the communication between the object and observer. Such flaws, according to this view, keep some variables unknown to us. Hence the term "hidden variables" [20] implying that it is just the lack of information accessible to us that leads to QM uncertainty. In fact, x  and x p  are real indeterminacies in position and momentum of an object rather than observer's uncertainty about them, and therefore the truly appropriate term describing them would be the "indeterminacy principle". The German "unbestimmheit" in the original formulation of the principle means just that -indeterminacy. The term "uncertainty" in its English formulation is just a sloppy translation. Even the most counterintuitive predictions based on QM indeterminacy (e.g., Bell's theorem associated with quantum non-locality [20, 21] ) have passed all experimental tests [22] [23] [24] [25] with flying colors.
The assertion "Quantum States Do Not Exist" ([2], Sec. 2) promotes the previously quoted Bayesian concept of "stateless stuff" to a universal principle. What about the Bayesians themselves? Are they unique personalities with infinitely reach characteristics or just "stuff"?
Now we turn to a Bayesian view of probability as subjective expectations [26, 27] , illustrated by the following dialogue:
{7} " Pre-Bayesian: Ridiculous, probabilities are without doubt objective. They can be seen in the relative frequencies they cause. Bayesian: So if P = 0.75 for some event, after 1000 trials we'll see exactly 750 such events? Pre-Bayesian: You might, but most likely you won't see that exactly. You're just likely to see something close to it. Bayesian: Likely? Close? How do you define or quantify these things without making reference to your degrees of belief for what will happen? Pre-Bayesian: Well, in any case, in the infinite limit the correct frequency will definitely occur.
Bayesian: How would I know? Are you saying that in one billion trials I could not possibly see an "incorrect" frequency? In one trillion? Pre-Bayesian: OK, you can in principle see an incorrect frequency, but it'd be ever less likely! Bayesian: Tell me once again, what does 'likely' mean?" ([2], pp. 4, 5)
There are at least three objections to this kind of Bayesian's logic.
1) The "likelihood" sneered at by the Bayesian is objectively quantified, as correctly stated by Pre-Bayesian. The experimentally observed deviations from rigorously defined probability are also quantifiable (see, e.g. the Poisson distribution [28] ). The fact that their rigorous definition involves a limiting procedure does not undermine their objectivity, as seen from the next example.
2) According to Bayesian, probability is not an objective characteristic because it is restricted in practice only to finite sets of trials. But the latter is true for any physical law! The Lorentz force law (2) for a charge q moving with velocity v in magnetic field B had been confirmed beyond any doubts. But if we plug into (2) the experimentally measured F, v, and B, we will practically never get the exact equality. It would become exact, just as probability P in the quoted dialog, only after the elimination of systematic errors and only after the averaging procedure in an infinite set of trials. Since the latter is never attainable, the Bayesian logic leads to conclusion that the Lorentz force law is not an objective reality. And by induction, the same logic denies objectivity of all laws of Nature.
It is true that physical equations are only simplified mathematical models of reality. Equations of planetary motions usually ignore the effects of SR. Equations of SR ignore the curvature of space-time, and so on. But all this does not undermine the objectivity of laws of Nature.
3) According to Bayesians, two different agents may give different assignments for probability of the same event, e.g., for finding a particle in a given energy state in a gas container at a fixed temperature. Each agent's assignment will depend on his/her
expertise and many other factors. If probability is merely the subjective "degree of belief", then whose assignment will have priority?
The Bayesian may object that argument 3) is not warranted since the "agents" must be certified experts and they derive one common assignment from experimental results. But such objection would automatically transfer the Bayesian to the camp of conventional QM in which the Supreme Judge is a verifiable experiment. The arguments 1) -3) can be summarized in the following parody on the above-quoted conversation between the two sides. In this parody, I just swap their roles and terms "probability" and "degree of belief".
" Bayesian: Ridiculous, degrees of belief are without doubt most vital. They can be seen in the relative frequencies they cause. Pre-Bayesian: So if you assign D = 0.75 to your degree of belief for some event, then after 1000 trials we'll see exactly 750 such events? Bayesian: You might, but most likely you won't see that exactly. You're just likely to see something close to it. Pre-Bayesian: Likely? Close? Is it another degree of your belief? How do you define or quantify these things without making reference to probabilities for what will happen? Bayesian: Well, in any case, in the infinite limit the correct frequency will definitely occur. Pre-Bayesian: How would I know? Are you saying that in one billion trials I could not possibly see an "incorrect" frequency? In one trillion? Bayesian: OK, you can in principle see an incorrect frequency, but it'd be ever less likely! Pre-Bayesian: Tell me once again, what does 'likely' mean?"
Identifying probability with subjective "…degree of belief" is not a scientific statement. A belief as such cannot be quantified, whereas probability has an exact quantitative definition [29] [30] [31] [32] . The fact that a set of trials gives only its approximate value is of the same nature as an approximate value of the speed of light resulting from a finite set of measurements. And yet it is the physical measurements that determine the speed of light or gravitational constant or neutron's lifetime with ever-increasing accuracy. Also, a single set of probabilities P may correspond to different sets of Q . In a textbook case with a wave packet in a free space we have a fixed spectrum P (ω) but different shapes and thereby different sets of Q (x) at different moments of time. This reflects another aspect of the problemthat restricting to probabilities alone leads to loss of information about time evolution of the state, which is stored in the amplitudes.
In contrast, the set of amplitudes j a alone in (3) is sufficient for predicting all i P and all j Q . If all a j embrace the complete set of system's observables, they determine probabilities for any measurements on this system including the future measurements, so we do not need to "elicit… one's degrees of belief ..." Throwing away the state  together with the respective amplitudes, and restricting exclusively to "degrees of belief" converts QM from a working self-consistent theory with predictive power to a cookbook of recipes with an infinite list of "beliefs". It is such a cookbook that was proclaimed a "Hero's Handbook" in the title of [4] .
{10} "Just think of a spin   1/ 2 system. If one has elicited one's degrees of belief for the outcomes of a x  measurement, and similarly one's degrees of belief for the outcomes of y  and z  measurements, then this is the same as specifying a quantum state itself:"
This might work acceptably only in some special cases, e.g. for a qubit, whose Hilbert space has only two dimensions. But even in this simplest case, it eludes the basic question: where the "degrees of belief" come from? They come from the measurements, to begin with! It is a measured quantum system which is the source of "beliefs" for all subsequent measurements. And knowing the system's Hamiltonian allows us to learn all about the system just by solving the corresponding equation. Frequently, the Hamiltonian itself is determined from the experimental data (the inverse problem of QM [33] ), and then it can be used to reveal the system's states. That answers all relevant questions without any additional interpretations of QM or any cookbooks.
{11} "For if one knows the quantum state's projections onto three independent axes, then that uniquely determines a Bloch vector, and hence a quantum state. Something similar is true of all quantum systems of all sizes and dimensionality." ([2, 4], p. 5, 11) This is a mix of tautology, ambiguity, and falsehood. The complete set of quantum state's projections determines the state without any references to the Bloch vector. Such reference in this context confuses two fundamentally different concepts. A quantum state is a vector in the respective Hilbert space H, whereas the Bloch vector with polar angle θ and azimuth φ is defined in our physical space V only to represent the system's angular momentum. 
where m is the quantum number of the spin component onto the symmetry axis of the cone [15, 34] . The , Consider a few more examples illustrating inadequacies of {10}. Suppose we have an electron and focus only on its spin, and its initial state is  (6) with the spin pointing toward us along the x-axis. Now we are planning a spin measurement along the z-axis. The corresponding antipodal points of the Bloch sphere will be the North and South poles, representing the  and  states, respectively.
These states are oppositely-directed in V but mutually orthogonal in H . State will "collapse" under z s -measurement to either  or  with equal probabilities described by the table
which, according to QBism, should uniquely represent in the z s basis. But it does not since the same table (7) would also represent a different initial state, say,  with the Bloch vector along the y-axis. So now we have one table representing two different states. Actual number of states represented by (7) makes a continuous set with all possible Bloch vectors in the (x, y) plane.
On the other hand, for a massive boson with spin 1 in state (6) 
So now we have the same Bloch vector with different individual tables (7) and (8) for different physical objects. Contrary to claim {10}, there is no one-to-one correspondence between the Bloch vectors and represented systems. Suppose we have a single photon in a free space. The complete set of observables defining its state is, e.g., momentum p and polarization. What kind of the Bloch vector would the QBist assign to a non-monochromatic photon state (wave packet) with an indeterminate p? What kind of the Bloch vector should be assigned to a linearlypolarized monochromatic photon? What kind of the Bloch vector would the QBist associate with a non-stationary state of an excited atom or with an unstable particle in a Gamow state?
{12} "What this buys interpretatively, beside airtight consistency with the best understanding of probability theory, is that it (Quantum Bayesianism-M.F.) gives each quantum state a home. Indeed, a home localized in space and timenamely, the physical site of the agent who assigns it! " ([2, 4], p. 5, 11) This is a double-faced argument, with one face suggesting the known solution of the Schrodinger's cat paradox [35, 36] . It states that we can cut and thereby disentangle the potentially infinite von Neumann's chain at the physical site of the agent observing the cat. But this positive aspect of {11} is restricted to states with a single spatially localized site. The other face shows the argument's flaws in the general case. First, suppose we have an extended wave packet (ideally, a monochromatic wave occupying the whole space), and a human observer as the "agent". Where is then the home of the state? "The physical site of the agent" is, at the most, his/her Lab. Does this mean that the coherence length of a monochromatic laser beam cannot in principle exceed a few meters, and there are no quantum states outside of my Lab?
As a second example, consider a system of the two separated entangled particles. One is observed by Alice in Los Alamos, and the other by Bob in Brookhaven. If the state's home is "the physical site of the agent who assigns it ", then where is the home of such composed state, who assigns it, and what is this assignment?
The third example is a monochromatic light wave from a source S. The wave may be UV for Alice and IR for Bob if they observe it from different spaceships. They can make their measurements when their respective ships closely pass each other, so both will be within the same region of space-time at the moment of measurement. Now the two agents' homes form their temporary common home. Let the first number in a pair ( , ) xystand for agent's "degree of belief" in UV, and the second one for "degree of belief" in IR. Then we have a simple table for their "degrees of belief":
The Truth How does it fit into the Bayesian scheme? Here we have one "home" with two equally qualified agents in it. But their "degrees of belief", even when objectified (derived from their respective measurements), totally disagree with one another even though referring to the same system. And yet their mutually opposing beliefs are both true because the observed frequency is associated not only with the wave itself but also with a RF from which it is measured. In this example, both agents are just recording what is determined by measured state (pure ensemble of photons) and experimental conditions. In another version, Bob can fly away for vacation and Alice stay in her ship, now stationary relative to S, but with her measuring device on the edge of a rapidly rotating optical table. The device records interchangeably UV and IR for the same radiation. Now we have a permanent site with one agent changing her degrees of belief every fraction of a second.
In both cases, state and the conditions of its measurement are primary, not "degrees of belief" derived from measurements.
{13} "If there is a right quantum state, then why not be done with all this squabbling and call the state a physical fact to begin with? It is surely external to the agent if the agent can be wrong about it. But, once you admit that (and you should admit it), you're sunk: For, now what recourse do you have to declare no action at a distance when a delocalized quantum state changes instantaneously?
Here I am with a physical system right in front of me, and though my probabilities for the outcomes of measurements I can do on it might have been adequate a moment ago, there is an objectively better way to gamble now because of something that happened far in the distance?(Far in the distance and just now.) How could that not be the signature of action at a distance?" ([2, 4], p. 5, 12) "Without the protection of truly personal quantum state assignments, action at a distance is there as doggedly as it ever was." ([2, 4], p. 6, 12) The delocalized quantum states are well studied and there is an extensive literature on them [12, 18, [36] [37] [38] [39] [40] [41] [42] [43] [44] . Boththe theory considering quantum states as objective reality, and experimental evidenceshow no action at a distance. Consider again an entangled state of two widely separated particles A and B. The state of B does change instantaneously at the moment of measurement on A. But this kind of change is not due to any instantaneous signaling (the latter would be equivalent to "action at a distance" in Bayesian terminology), because of the pre-existing non-zero probability for B to be found in the new state even in the absence of any measurements on A. In other words, the corresponding changes of states in A and B, albeit correlated, are not in the cause and effect relationship (see, e.g., [45] , Sec. 11.10). In this case the relativity of simultaneity is not a problem either. If the observers Alice and Bob perform the corresponding measurements on their respective particles A and B, and the interval AB is space-like, we can always find two different RF, K and K', such that chronology of measurements is (A, B) in K and (B, A) in K . This does not constitute any contradictions because there is no information flow between A and B. It is the essence of quantum non-localitythe correlations between separated events without any information exchange between them (a detailed discussion can be found, e.g., in [12, 14] ). A single particle in a state with indeterminate coordinate (e.g., a wave packet in a free space) is a different case of quantum non-locality (albeit rarely emphasized as such). But here, too, there is no superluminal energy or information transfer between different parts of the packet in the process of its collapse to some definite location [12] .
Space-time picture of quantum collapse
{14} "Take, for instance, the infamous "collapse of the wave function," wherein the quantum system inexplicably transitions from multiple simultaneous states to a single actuality." [1] Here we see again miserable consequences of using the term "collapse" instead of quantum jump or instant reconfiguration (IR) (not to be confused with IR!)). The "infamous collapse of the wave function" totally ignores the opposite side of the same eventthe accompanying "explosion" in another basis [15] . In that basis, the same resulting state is again a superposition of multiple simultaneous states. An extended wave packet collapsing to a sharp spike in configuration space largely expands in the momentum space. These are just different, but equally legitimate "faces" of the same final state. But promoting the final state in {14} to the status of "a single actuality" precludes admitting that it is a superposition of states in another basis, and this flatly contradicts QM. Or else, the initial superposition of "multiple simultaneous states" must have the same status of "a single actuality" as well, for that initial state, being "multiple simultaneous states" in configuration space, may be a sharp spike in the momentum space. But admitting this would now contradict {14}. Article [1] shows only one face of the process as a single possibility, which contributes to misleading statements like {14}. Thus, {14} either contradicts itself, or clashes with well-established principles of QM.
{15} "A quantum particle can be in a range of possible states. When an observer makes a measurement, she instantaneously "collapses" the wave function into one possible state. QBism argues that this collapse isn't mysterious. It just reflects the updated knowledge of the observer. She didn't know where the particle was before the measurement. Now she does." [1] This statement perpetuates the same fatal misconception as the previous one. "One possible state" in configuration space is a broad range of possible states in the momentum space. The same observer who ".. didn't know where the particle was before the measurement " well knew (or could have calculated from the initial state) particle's "location" or at least, range of locations in the momentum space. Either knowledge was part of the total information available to her. So should or shouldn't she promote the initial situation to a "single actuality"? The same question arises if we turn to the postmeasurement situation. Now the observer's knowledge of particle's initial location in the momentum space is irretrievably lost with the IR of particle's state under measurement. So should or shouldn't the observer promote this new situation to a "single actuality"? QBism as represented in [2] [3] [4] does not define mechanism of formation of "degrees of belief" of an agent. This provokes a few questions to a QBist. 1) Consider position measurement of an electron described to a high accuracy by de Broglie's wave with definite energy. The agent has no preliminary information about this state. What is numerical measure of his/her degree of belief to find the electron within a specific detector? Under given conditions the only way to compile any "list of assignments" is performing a huge set of measurements whose outcomes are determined by the preexisting state, not vice versa. Will QBism still claim that the obtained "degrees of belief" define the state? 2) If "Yes", then which state do they define? The one existing before the measurements, that is, before formation of any "degrees of believe" and creating the "list of assignments", or the new one created by measurements? 3) Suppose we had not been informed about the energy of the coming electron, so we do not have any "degrees of belief" for energies. Will the QBist say that "what is" there has no such attribute as energy? Next, does the electron have a certain but just unknown to us position at any moment before position measurement? If yes, then Bayesian comes up with paradoxical statement that instead of having definite energy and indefinite position, the coming electron has at each moment definite position and no such thing as energy. If not, will the Bayesian admit that position indeterminacy is an objective characteristic of the coming electron? 4) Suppose we have a periodic array of equidistant identical detectors, and after a series of trials, all of them showed equal probability of capturing an electron. According to conventional QM, this may be a signature of at least two different states: a monochromatic plane wave or a standing wave with a wavelength equal to distance between the neighboring detectors. Which one out of these different states would the QBist associate with his/her degrees of belief?
It is easy to distinguish between the two possibilities in the last question, e.g., by randomizing positions of detectors. If the local probabilities remain constant and insensitive to location, we have the first possibility; otherwisethe second one. But if the observer is negligent or incompetent or both, the two objectively different physical states will be represented as one in his/her mind. Thus, the QBist's interpretation eliminates the one-to-one correspondence between the agent's vision and reality, which is absolutely necessary for any progress in our understanding of the world. Ignoring this point makes the QBism questionable already on the conceptual level. Now let us analyze in more detail the possible experiment for position measurement on a state with definite momentum. We place the set of identical detectors in the electron's way, so there is an equal chance for the electron to be captured within an arbitrarily located volume element V  . Suppose one of detectors fired, and denote the corresponding coordinate and moment of time as (0, 0). We know immediately that the pre-existing wave packet has "collapsed" to the origin of our inertial frame K. In total contrast with Bayesian statements, this "change of beliefs" in our consciousness happens only because of real changes out therethe firing of detector at (0, 0) with all the others remaining idle. According to QM, the "collapse" of the probability cloud to the "selected" detector happened instantaneously. The probabilities became zero instantly everywhere except for the one at (0, 0), which jumped to 1. And this is not associated with any signaling: there was no probability flow converging to the origin. The cloud just instantly disappeared everywhere outside the small cell at (0, 0), and reemerged as a spike with probability 1 within it. This IR of the probability cloud has a conservation law as its primary cause, rather than re-evaluation of probabilities by an observer, which is merely a secondary action. It is just one of manifestations of quantum non-locality, a mundane phenomenon in the quantum world, but something totally exotic in classical world.
All this occurs without conflicting with SR because the entity doing itthe probability distribution () r Pis only indirectly connected with anything physical. But the connection (and a very clever one!) exists, which is evident, e.g., from the fact that the product () e q r P determines the charge density distribution and hence the current and the corresponding magnetic field produced, e.g., by an atomic electron with nonzero angular momentum L. This field can, to a high accuracy, be treated classically for a continuously evolving state described by a wave equation, but undergoes the IR together with () r P in a position measurement. All this shows that the set of probabilities is an objective characteristic of an objective state rather than "degrees of belief"of some observer. By all evidence available today, Nature did not need any observers in order to operate by Her own rules. It is the observer who needs to develop the ability to grasp the intricacies of Nature for their consistent description. There still remains a great mystery thoughhow can Nature, operating by Her rules, develop Her small part into self-conscious intelligent observers perceiving and trying to understand Nature? This is a big question going far beyond today's physics. I only pose it here because it is related to the discussed topic.
The Wigner's friend paradox
The next important issue discussed in QBism is the "Wigner's friend" paradox. It is the story of two "agents", Wigner and his friend, both studying a certain quantum system:
{16} "Suppose they both agree that some quantum state  captures their mutual beliefs about the quantum system. (But according to [2, 3] , quantum systems do not exist! -M. F.) Furthermore suppose they agree that at a specified time the friend will make a measurement on the system of some observable (outcomes i = 1, . . . , d) . Finally, they both note that if the friend gets outcome j, he will (and should) update his beliefs about the system to some new quantum state j . There the conversation ends and the action begins: Wigner walks away and turns his back to his friend and the supposed measurement. Time passes to some point beyond when the measurement should have taken place. What now is the "correct" quantum state each agent should have assigned to the quantum system? We have already concurred that the friend will and should assign some j . But what of Wigner?" ([2, 4] , p. 6, 14) In conventional QM, there is no paradox here. Actually, the "Wigner's friend" is an extended version of the "Schrodinger's cat" with a distinction that instead of the cat with two eigenstates ( alive or dead ) we have an object with an arbitrary number d of eigenstates i . Once it is given that the object before the measurement has a state  of its own, we can write this state as
where i ci  are the corresponding amplitudes. During the measurement, the studied object gets entangled with the apparatus and, in the given context, with the friend; finally, the entangled superposition collapses to a single product state No. j, which is the measurement outcome. The whole process can be written as
Here i A is the i-th pointer state of the apparatus, i F is the state of friend's awareness in the outcome i , and D t is generally unknown but usually very small decoherence time. The first two expressions describe the continuous evolution of object's state  and then of combined system (object + apparatus + Wigner's friend). The transition to the third expression is a discontinuous jump completing the measurement. After the moment D t , the difference between psychological states of Wigner and his friend can be represented by the respective column matrices P is probability of (or "degree of belief" in) the outcome i . The column on the right is the matrix representation of state j F . According to QBist's own definition (quote {11}), the true quantum state is the one determined "at home" -"…a home localized in space and time-namely, the physical site of the agent who assigns it!". This resolves the "paradox"the true state after the measurement is j , which is also encoded in mental state j F of Wigner's friend. What we read next, initially seems to follow the same track:
{17} "If he were to consistently dip into his mesh of beliefs, he would very likely treat his friend as a quantum system like any other: one with some initial quantum state ρ capturing his (Wigner' This part may be correct, but only as far as it reflects the history before D t . On that stage the expression
if treated properly, must (for 0 D tt  ) be equivalent to the entangled superposition ("…an entangled quantum state") in the middle part of (10), and as time passes, it must approach the jump towards the right part. But the next argument stops short of it:
{18} "Wigner holds two thoughts in his head: 1) that his friend interacted with a quantum system, eliciting some consequence of the interaction for himself, and 2) after the specified time, for any of Wigner's own further interactions with his friend or system or both, he ought to gamble upon their consequences according to   UU      .
One statement refers to the friend's potential experiences, and one refers to Wigner's own. Quite the contrarynow there is a conflict! Before the moment D t , the true state was described by (12) . After that moment, (12) becomes outdated. According to conventional QM (and to Bayesian own definition of the "home state"!), the true physical state of the studied object after the measurement ( D tt  ) is j . Wigner's friend knows this with certainty just by taking a look at his apparatus. But Wigner, being "not at home", still assigns to it only a "degree of belief" j P (which is generally a small fraction of P =1).
Why keep today the yesterday's information about something rapidly changing? Even if all communications are blocked, it is not a good excuse to linger in the middle of Eq. (10). It would be right to say that the current state of the system is just unknown to an outsiderquite a natural thing in bothclassical and quantum physics! To make it known, it is necessary to look at the apparatus' pointer or ask the one who had done it. One cannot express this better than Pauli [44] {19} "…personal qualities of the observer do not come into the theory in any way-the observation can be made by objective registering apparatus, the results of which are objectively available for anyone's inspection" (quoted in [2, 4] , p. 7, 14) .
Instead, the QBist decides that Wigner or any other outsider must stick with outdated information given by the left column in expression (11), that is, remain in the middle of (10). This contradicts his/her own definition of true quantum state as the "home state" of the observer, albeit this is also debatable as shown above in an example with two spaceships. The QBist "eliminates" such contradiction by marginalizing the fundamental concept of quantum states [3] , or even proclaiming them nonexistent [2] . But this creates a new contradiction: what does "home state" mean if "quantum states do not exist"? Why at all should we "give home" to something nonexistent? We see that promoting personal "degrees of belief" produces the opposite of what is claimedit confuses the discussed issues and makes the whole theory inconsistent.
Measurement and indeterminacy
{20} "QBism says when an agent reaches out and touches a quantum system-when he performs a quantum measurement-that process gives rise to birth in a nearly literal sense. … It is the "outcome," the unpredictable consequence for the very agent who took the action. John Archibald Wheeler said it this way, and we follow suit, "Each elementary quantum phenomenon is an elementary act of 'fact creation.'"( [29] , p. 8) This is true, but it is important to emphasize that in the discussed situation a newly created fact is not totally unpredictable. It is of the kind allowed by Nature, rather than some miracle from a fairy tale. Second, it was just lying there dormant as one of the preexisting potentialities waiting for actualization. And third, each actualization had an exactly defined probability determined by the pre-existing state of the system and the environment.
{21} "All that matters for a personalist Bayesian is that there is uncertainty for whatever reason. There might be uncertainty because there is ignorance of a true state of affairs, but there might be uncertainty because the world itself does not yet know what it will give -i.e., there is an objective indeterminism." ([2], footnote 14, p. 8) This is 100% true.
{22} "… QBism finds its happiest spot in an unflinching combination of "subjective probability" with "objective indeterminism."" ([2], footnote 14, p. 8) It is unclear how the two may form an "unflinching combination". This is an illustration of subjective indeterminism of terminology used by some QBistskicking the words back and forth between different meanings. If quantum states with their objective characteristics do not exist as stated in Sec. 2 of [2], than "objective indeterminism" of what is meant here? There is no way for truly objective indeterminism to coexist peacefully with subjective probabilities.
{23} " The notorious "collapse of the wave-function" is nothing but the updating of an agent's state assignment on the basis of her experience." ([3], p. 3) As already emphasized above, "the updating" is just recording an actual event, e.g., firing of the respective detector.
{24} "… contrary to the view of some physicists and many philosophers of science, there is no clash between quantum mechanics and special relativity." ([3], p. 5) True.
{25} " No agent can move faster than light: the space-time trajectory of any agent is necessarily timelike. Her personal experience takes place along that trajectory. Therefore when any agent uses quantum mechanics to calculate "[cor]relations between the manifold aspects of [her] experience", those experiences cannot be space-like separated. Quantum correlations, by their very nature, refer only to time-like separated events: the acquisition of experiences by any single agent. Quantum mechanics, in the QBist interpretation, cannot assign correlations, spooky or otherwise, to space-like separated events, since they cannot be experienced by any single agent. Quantum mechanics is thus explicitly local in the QBist interpretation." ([3], p. 6)
According to the real QM, quite the opposite is true: QM does assign correlations to a broad class of space-like separated events (see, e.g., [12, 15, [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] ). Moreover, most of the observable Universe is described by the set of data available to any single agent from information brought by light or subluminal particles. Therefore the same QBist logic "proves" that all observable Universe "is explicitly local."
The falsehood of {25} is seen from a few very simple examples. First, our experience originates not only along our personal trajectory, but as just mentioned, from innumerous carriers of the outside information. In many cases, the respective messages come from different, sometimes opposite directions from space-like separated sources. Their signals make a huge contribution to our personal experience about the world at one moment of our time.
Consider the observers Alice and Bob, and Celia midway between them. Celia sends to both a pair (AB) of spin-entangled particles with the zero net spin -A to Alice and B to Bob. The paths of both particles are time-like, but the arrivals to their respective destinations make the space-like interval. Following the preliminary protocol, Alice and Bob simultaneously measure spins of the arrived particles in the same basis. Celia does not know the individual outcomes, but being an expert in QM, she knows in advance that if A is found, say, in a state A  , then B will collapse to state B  , and vice versa. In contrast to statement {25}, Celia can assign correlations to such space-like separated events. The reports from the experimenters only confirm her predictions, and even tell her the exact individual results. In this way, QM shows its nonlocal aspect to a local observer. (See, e.g., [34] )
{26} "An agent's assignment of probability 1 to an event expresses that agent's personal belief that the event is certain to happen. It does not imply the existence of an objective mechanism that brings about the event. Even probability 1 judgments are judgments. They are judgments in which the judging agent is supremely confident." ([3] , p. 6)
The pre-modern beliefs in flat immovable Earth at the center of the world were all "probability 1 judgments" of all agents, including the most informed intellectuals of the time. Later, the expanding set of data collected by such agents as Copernicus, Tycho Brahe, Galileo, showed a different, increasingly complex, picture of the world. If, according to QBism, the new picture does not imply the existence of objective reality behind it but is nothing more than the changing collective judgments, then why those judgments have been changing so radically? The only rational answer is: Because of the new information obtained by the new, better equipped agents. But that would sound rational only if we get an equally reasonable answer to: Information about what?
{27} "But when we attempted to understand phenomena at scales not directly accessible to our senses, our ingrained practice of divorcing the objects of our investigations from the subjective experiences they induce in us got us into trouble. While our efforts at dealing with phenomena at these new scales were spectacularly successful, we have just as spectacularly failed for almost a century to reach any agreement about the nature or meaning of that success." All disagreements are natural and even necessary in any real science. Since most of them are eventually settled by factual experimental evidence, only the remaining ones are of the conceptual nature about interpretation. And QM is not the only example. Any area of physics emerging after significant breakup with the previous concepts is vibrant with controversies. SR is up to this day simmering with debates (see, e.g., [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] ) about simultaneity, relativistic causality, superluminal signaling, relativistic invariance, length contraction and time dilation, mass-energy equivalence, relativistic mass, and so on. Such debates are natural when new evidence surpasses the previous intuition based on the ingrained concepts of the absolute time and absolute mass.
Today, numerous interpretative disagreements continue simmering despite the astounding successes of conventional QM in description of observed phenomena and prediction of new effects. And the controversies result from unavoidable difficulties associated with necessity to go beyond the classical concepts and to grasp the newly discovered dimensions of reality.
Conclusions
The mathematical structure of QM is self-consistent, and experiments confirm all the discussed effects. On the other hand, the effects themselves and the basic concepts behind them are to a high degree alien to our classical intuition. There are two possible ways to deal with the situation: either to enrich our imagination and intuition by accepting newly discovered dimensions of reality and getting used to them, or to try to describe them in terms of the old concepts. But as all history of science shows, the latter is a blind venue.
QBism declares the quantum states subjective, instead of admitting that classical intuition alone is inadequate to embrace the intrinsically probabilistic nature of the quantum world. As Nick Herbert put it [58] : "QBism fails as an interpretation because it does not even address the question of what is the nature of a world that gives rise to these particular probabilities… It says nothing about what this world does. Simply put, QBism is not an interpretation of the quantum world." The Qbism's high assertion quoted in the epigraph is degraded to zero by focusing on the observer alone and downplaying the world around. We are forced to conclude that the Bayesian interpretation of QM is faulted and most of its claims are not substantiated.
